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HUMIDITY  AS  A  FACTOR  IN  FUZB  DESIGN 
AND  EYALUAIION 


INIRODDCTIOM 

Fuzes  consist  of  many  Intricate |  snail  parts  which  must 
renain  in  new  condition  for  a  shelf  storage  life  of  five  to 
twenty  years*  After  withdrawal  from  storage^  the  fazes  may 
be  transported  for  many  nlles  on  many  occasions  and  may 
remain  in  temporary  storage  for  periods  of  months  or  eran 
years*  During  this  dormant  but  long  lifOy  most  fazes  cannot 
be  Inspected,  cleaned,  lubricated  or  reworked*  Even  if  the 
fuze  can  be  inspected  and  repaired  daring  its  storage  period, 
the  avoidance  of  deterioration  by  design  is  economically 
prudent*  The  design  of  the  faze  most  provide  the  quality 
of  materials,  fabricatlcn,  workmanship  and  protection  to 
assure  a  perfect  fuze  when  the  crucial  time  of  its  operation 
arrives*  During  the  design  and  development  of  a  fuze  the 
engineers  make  many  tests  to  determine  the  weak  points  under 
various  environmental  conditions*  One  factor  which  cannot 
be  Ignored  is  the  effect  of  humidity  or  water  vapor  on  tte 
fuze* 

Water  vapor  in  the  atmosphere,  commonly  referred  to  as 
humidity,  is  ons  of  the  most  important  factors  of  tha  natural 
environment  because  of  its  ceaseless,  U\ough  somewhat  mild, 
effect  on  equipment*  The  design  of  military  equipment  must 
of  necessity  provide  for  adequate  operation  under  all 
conditions  of  humidltv  since  military  operations  can  seldom 
be  planned  with  any  allowance  for  humid  conditions.  Equip¬ 
ment  which  is  designed  and  manufactured  without  a  reasonable 
degree  of  moisture  resistance  can  hardly  be  expected  to  give 
satisfactory  service  under  the  extremes  of  humidity  found  in 
mature. 

TERMINOLOGI 

Many  colorful  but  somewhat  inaccurate  terms  are  used  to 
describe  atmcspheric  conditions*  These  terms  serve  their 
purposes,  but  Ln  recording  engineering  data,  teniinol:>gy  must 
be  carefully  and  correctly  used*  The  terms  for  which 
conflicting  definitions  may  be  found  In  technical  references 
are  defined  below  as  used  by  the  author  in  this  article.  It 
Is  believed  that  other  technical  terms  are  adequately  dafined 
in  any  dictionary  or  engineering  handbook. 


RiiTiitivu  of  any  alxture  of  air  and  vator  vapor 

is  the  ratio  of  the  weight  of  water  vapor  In  the  mixture  to 
the  weight  of  water  vapor  In  aatnrated  air  at  the  sane  dry- 
bulb  temperature  and  (barometric)  pressure*  Psychroaetrle 
charts  provide  data  on  the  relationship  of  I»ry-Bulb|  Wet- 
Bolby  and  Dew-Point  temperatures  and  Relative  Humidity. 

Hiimifiitv  Rwtiw  la  the  mass  of  water  vapor  per  unit  mass 
of  dry  air  In  a  vapor-alr  mixture*  Humidity  ratio  has  been 
called  specific  humidity  and  this  term  still  la  oceaslonallv 

used* 


Prr-Bulb  Temperature  is  the  temperature  of  the  mixture 
of  air  and  water  vapor  at  rest*  It  is  measured  with  an 
instrument  which  Is  neither  affected  by  the  humidity  nor 
thersial  radiation* 

Pew-?oint  Temperature  is  the  temperature  at  which 
condensation  of  water  vapor  will  occur  If  the  mixture  of 
air  and  water  vapor  is  cooled  at  constant  pressure*  It  is 
the  saturation  temperature  eorresponding  to  the  existing 
humidity  ratio  and  pressure* 

Vet-Bulb  Temperature  la  tha  reading  Indicated  when  a 
thermometer  bulb  is  covered  with  absorbent  material,  wet 
with  distilled  water,  and  exposed  to  the  atmosphere  per¬ 
mitting  evaporation  to  cool  the  water  and  hence  tha  ^b* 

In  thermodynamics*  the  Wet-Bnlb  Temperature  Is  defined  as 
the  temperature  at  which  either  liquid  or  solid  water»  by 
evaporating  into  air,  can  bring  the  air  to  saturation 
adlabatically  at  the  same  temperature* 

L^atnrated  Air  Is  the  alxture  of  air  and  water  vapor  at 
aquiliorlum  when  no  additional  moidtore  can  be  added  to  the 
fflxtura  aa  vapor*  Tha  Dry-Bulb,  Wet-Bulb,  and  Dew-Point 
tciiperatures  are  all  tha  same  at  this  condition,  frequently 
this  condition  Is  defined  as  one  in  which  the  alxture  can 
coexist  In  equilibrium  with  liquid  water  presenting  a  flat 
surface  to  it*  Saturated  sir  does  not  contain  fog,  rain 
or  Water  droplets* 

MOISTURE  HTECIS 

Tht.effaets  of  moisture  on  eqaipmeot  are  as  varied  as 
one  can  find  in  any  category  of  environmental  effects. 
Although  nearly  everyone  has  had  experiences  with  the  detri¬ 
mental  effects  of  high  humidity,  the  author  would  Ilka  to 
mention  a  few  altuatlons  which  are  fevorable  for  the  degrada¬ 
tion  of  materlala  to  axampllfy  the  broad  scope  of  the 
problems* 
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Corrosion  of  metal  surfaces  is  accelerated  by  the 
continual  wetting  and  washing  by  condensation. 

TDaiiip  surfaces  tend  to  hold  contaninanta  which  »ty 
cause  very  high  rates  of  deterioration. 

Electrical  equipment,  particularly  insulation  and 
contact  surfaces,  may  be  adversely  affected  if  attention  is 
not  given  to  the  selection  of  proper  materials  for  the 
proposed  service  conditions* 

The  design  of  the  metal  parts  can  cause  or  inhibit 
the  aocunulation  of  soistore  vithlh  the  enolosoret* 

Water  Is  a  reasonably  lubricant  and  bmj 
deereasa  the  coefficient  of  friction  to  the  point  of  ceasing 
failure  of  gripping  sarfecee  to  perform  their  fooetions 
properly. 


S^groseepie  oeterlalt  frequently  cause  degradation 
or  failora  of  a  systa&  through  swelling,  shrinking,  warping, 
softening,  and  eheigt;e  la  eleetrlcal  characteristics* 


The  poteatlel 

effects  of  partial 
pressure  of  the  ataos« 
phere  due  to  water  repor 
can  be  mo^-e  readily 
appreciated  after  devotlAg 
a  few  moments  to  the  vapor 
pressure  or  stean  tables* 

As  readily  seen  In  Table  I* 
at  90*F  in  a  saturated 
atmosphere,  the  water  vapor 
pressure  «j  nearly  0*7  psl* 
This  pressure  will  cause 
water  vapor  to  move  into 
open  f'-r  leaky  mechanises  or 
container!  in  which  the  vepor 
pressure  Is  lower.  Subse¬ 
quent  lowering  Of  the 
temperature  of  the  leaky 
mechanism  or  container  may 
cause  condensation.  Although 
condensation  is  generolly 
undesirable,  relative 
humidity  above  which 

is  far  short  of  condensa¬ 
tion,  can  usually  cause 
corrosion  of  unprotected 
ferrous  parts. 


Table  1 

Prenertlas  of  Sata: 


TafflDeratora  _ Pressnre _ 

— 

Xai,Jka^ 

-80 

'  o.ooou 

0,00024 

0.00035 

0.00071 

-»»0 

0.00136 

0.00379 

-20 

o.oa.is 

0.0126 

0 

20 

0.01849 

0,050^vf 

0.03764 

0.1027 

0.08',  58 

0.1803 

0.12164 

0,24767 

50  ■ 
60 

0.363 

0.36240 

0.522 

0.739 

00 

0.507 

1.032 

90 

0.698 

1.422 

100 

0.950 

1.933 

110  . 

1.275 

120 

1.693 

2.224 

2.890 

m 

150 

3.719 

7.573 

212 

14.696 

29.921 

i 
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Pun^l  may  be  present  In  prolific  quantities,  but  generally 
they  will  not  grov  or  cause  trouble  if  the  relative  huMdity  • 
is  maintained  below  However,  at  a  high  relative 

humidity  (about  90^)  and  dry-bulb  temperatures  around  90®?, 
fungi  will  grow  profusely  if  nutrients  are  present*  Under 
these  conuitions,  a  device  constructed  with  fuiigl  Inert 
materials  Is  very  desirable,  and  sealing  with  an  enclosure 
will  exclude  the  fungi  and  its  excretions* 

Ccrrc5lon  or  oxidation  of  ferrous  metals  is  accelerated 
In  high  relative  hiuaidlty  atmospheres*  Experiments  have 
shown  that  oxidation  is  essentially  arrested  by  maintaining 
«  relative  humidity  below  40>.  The  4o^  figure  is  not 
necessarily  the  best  or  only  suitable  condition.  Many  other 
items  must  be  considered  such  as  the  temperatnre.  pollution 
In  the  atmosphere,  and  the  material  beinx  protected*  In  sosm 
situations,  a  relative  humidity  up  to  60%  is  satisfactory* 
Protective  coatings  and  sacrificial  metals  provide  adcqoato 
protection  for  some  devices,  but  noro  generally  small 
mechanisms  must  be  constructed  of  non-corrosive  materials 
for  service  in  high  humidities* 

Rain  is  usually  rather  clean  water  and  by  Itself 
probably  causes  very  little  permanent  damage  to  stationary 
items*  Many  foreign  materials  which  aceomulate  on  a  device 
may  need  only  water  to  form  a  highly  acidic  or  alkaline 
compound  which  may  attack  the  device*  At  the  other  end  of 
the  scale,  some  corrosion  products  tend  to  give  protection 
to  the  parent  metal  until  washed  away  by  tha  rain.  The 
relative  humidity  Is  increased  by  rain  and  the  never-ending 
deterioration  by  high  ^'umldlty  is  activated*  The  proper 
choice  of  materials  and  configurations  fo*'  orunance  items 
esn  reduce  tha  effects  Of  rain  to  a  negligible  level* 

iUw  relative  humidity  may  be  u  desirable  climatic 
environment  for  cert^n  fuses  but  uther  undesirable  a  .moj- 
pherlc  conditions  may  accompany  lov  humidity*  Some  of  the 
desirable  effects  are  that  ue  r»te  of  corrosion  of  metals 
it  lover,  and  the  resistance  of  electrical  insulation  is 
generally  higher  in  a  low  homidity  ataosohere.  The  absence 
of  water  vapor  has  very  few  other  effects  on  fares*  A  pre¬ 
dominantly  dry  climate  frequently*  has  a  dusty  atmosphere* 
Protection  of  a  fura  against  the  adverse  effects  of  dost  may 
be  as  d  Tieult  as  proteotloa  (gainst  Mgh  humidity*  However, 
the  9«th''ds  of  protection  against  both  moisture  and  dust  are 
about  th.  same.  Either  the  mechanisa  should  be  open  to 
prevent  the  accumulation  of  dust  and  cr'^’tased  water  vapor,  or 
it  should  be  sealed  against  the  entry  o^  dust  and  moisture. 

One  need  only  observe  the  excellent  service  from  his  moisture 
and  dust-preof  vristwateh  to  realize  the  advantage*  of  a 
sealed  enclosure* 
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DESIGN  EOIl  lIU^!^)m  ENVIRONMENT 


Equipment  for  military  operational  employment  throughout 
the  world  under  all  conditions  of  weather  muat  be  designed 
to  withstand  the  humidity  effeota  because  the  user  is  physi¬ 
cally  unable  to  provide  protection  except  In  very  United 
waya.  For  example:  If  a  fuze  must  be  kept  In  its  sealed 
package  until  the  cxMclal  moment  for  Its  use  arrives*  the 
user  may  encounter  some  ncrious  limitations.  Generally*  any 
apecial  procedures  j.n  service  detract  from  the  primary 
mission  of  the  individual. 

If  the  designer  Is  aware  of  and  alert  to  the  effeota  of 
humidity  on  "all-weather"  equ5.pment*  he  can  provide  immeasur¬ 
able  protection  frequently  without  increasing  the  eon^lexitj 
or  cost  of  the  end  product.  Many  protective  devices  not 
only  reduce  the  humidity  effects  but  eliminate  or  reduoe 
many  other  adverse  effects  and  often  enhance  the  design 
from  a  ruggedness  and  usefulness  standpoint. 

Seals 


Some  items  are  hermetically  staled  for  proteotion 
against  moisture,  dust*  Insects,  alr-bome  eonttminants  and 
human  tinkering.  Hermetic  seals  are  made  by  ^slng  metal 
to  metal,  metal  to  glass,  metal  to  ceramic  or  Other  equal 
systems.  A  leak  teat  commonly  used- On  this  olass  of  seals 
is  the  helium  mass  spectrometer  leak  teat.  An  Item  such  as 
a  special  weapon  device  with  a  hundred  eleetrical  pla 
connectors  can  be  sealed  to  provide  a  total  leak  rate  of  lest 
than  1  X  10-^  atmospheric  co  per  soeond*  Assemblies  with 
metallic  seals,  when  tested  with  a  radioactive  gas  and 
calibrated  detecting  and  measurl^  devloot^  will  indioato 
a  leak  rate  of  less  than  1  x  10*^3  atmospheric  00  per  second, 
last  practice  ha^ shown  that  fuzes  with  a  total  l^dk  rate  of 
less  than  1  x  10*^  atmospheric  co  per  second  have  been 
satisfactory  in  stockpile  storage  for  over  seven  years  and  have 
a  projected  life  of  over  10  years  with  respect  to  gaa  leakage. 

Waterproofing  and  other  degrees  of  ssaling  nay  be 
adequate  for  some  items  when  heraetio  sealing  is  not 
practical. 

Desiccants 

Installing  desiccants  in  an  enclosure  is  a  practical 
means  of  maintaining  the  humidity  below  tne  damaging  range. 
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Desiccant  Is  available  in  non-duating  packages  and  when  these 
packages  arc  securely  fastened  In  a  device,  the  systen  is 
generally  satisfactory.  However,  a  leaky  enclosure,  even 
with  a  desiccant,  will  eventually  admit  enough  moisture  to 
equalize  the  conditions  Inside  the  enclosure  with  the 
antbient  atmosphere.  Many  variations  of  desiccant  aB8egd>lle8 
are  available  such  as  an  assembly  using  "Tell-Tale"  desiccant 
wlilch  changes  color  as  the  moisture  content  Increases » 
Inspection  windows  may  be  Included  In  the  item  to  afford 
observation  without  opening  the  item. 

Materials 

Hygroscopic  materials  should  be  avoided  but  If  they 
must  be  used,  provisions  must  be  made  for  the  resultant 
effects.  Most  organic  matez*ial8  exposed  to  the  atmosphere 
absorb  or  release  moisture  until  the  vapor  pressure  in  the 
material  is  equalized  with  the  atmospheric  vapor  pressure. 

The  materials  expand  as  the  water  content  increases  and 
contract  as  the  water  is  released.  This  property  of  organic 
materials  is  the  basis  for  the  operation  of  hygrometers  and 
is  discussed  later  in  this  artlole  under  Instruments. 

Fungi  Inert  materials  should  be  used  unless  there  Is  no 
substitute  for  a  carefully  selected  material  which  Is  subject 
to  fungi  damage.  Protection  of  the  material  must  then  be 
provided . 

Corrosion 

Surface  finishes  and  protective  eoatlngs  can  be  useful 
for  protection  from  the  weather,  and  frequently  these  coat¬ 
ings  enhance  the  appearance.  Surface  coatings  of  non- 
corrosive  or  sacrificial  metals  frequently  are  moTf  practical 
than  paints,  but  on  many  designs  the  use  of  a  corr >5lon 
resistant  metal  for  the  part  will  provide  a  stronger  part 
with  an  at»ractive  surface  finish  needing  no  further 
protection. 

Every  design  whlc  i  will  bo  or  Oven  may  be,-  exposed  to 
the  atmosphere  or  Immersed  in  water  should  be  examined  for 
potential  damage  by  electrochemical  corrosion.  Those  com- 
blnatlcos  of  materials  which  are  suojeot  to  dasmge  should  be 
changed  before  the  design  is  released  for  production.  Electro¬ 
chemical  corrosion  Is  localized  corrosion  resulting  fr<»a 
exposure  to  an  electrolyte  of  dissimilar  metals  in  contact 
or  coupled  with  one  another.  A  special,  but  frequent,  situa¬ 
tion  Is  a  pitting  type  conroslon  which  occurs  on  a  metal  con¬ 
taining  microscopic  or  siacroscoplo  areas  dissimilar  in 
structure  or  composition.  This  Is  essentially  an  electro¬ 
chemical  couple  within  the  metal.  The  electrolyte  may  be 
atmospheric  humidity,  contaminants,  or  a  liquid  in  which  the 
iter  Is  immersed. 


An  electrical  short-circuit  is  formed  by  the  dlsslnllar 
elements  in  contact:  the  electrolyte  Is  the  corroding  medium, 
and  an  electric  current  Is  produced.  The  element  having  the 
more  anodic  solution  potential  is  sacrificed  and  the  cathodic 
material  is  unattacked.  For  example,  copper  Is  cathodic  to 
Iron,  and  in  a  structure  of  the  two  metals,  the  iron  will 
corrode  without  damage  to  the  copper.  However,  Iron  Is 
cathodic  to  megneaium,  and  the  Iron  In  this  combination  will 
not  corrode  until  the  magnesium  Is  essentially  consumed  by 
corrosion. 


There  are  many  combinations  of  metals  and  electrolyte 
In  which  the  corrosion  does  not  proceed  In  accordance  with 
the  common  electromotive  series.  The  potential  differences 
between  metals  varies  as  the  corroding  environment  changes. 
Properties  of  a  few  common  metals  are  listed  In  Table  2 
below  to  Illustrate  the  coupling  effect. 


Table  : 
Electromotive 


Metal 

Ion 

Gold 

Au+++ 

Mercury 

Hg++ 

Silver 

Ag+ 

Copper 

Cuf+ 

Hydrogen 

Lead 

Pb++ 

Tin 

Sn++ 

Nickel 

Ni++ 

Iron 

Fe++ 

Aliminum 

A1+++ 

Magnesium 

Mg++ 

Series 

Normal  Electrode 
Potential,  volts 

+1.36 
+0.799 
+0.798 

+0.344 

0.000 

-0.12 

-0.14 

-0.23 

-0.44 

-1.55 


If  the  design  cannot  be  changed  to  eliminate  the  couple 
formed  by  two  dissimilar  metals  In  contact,  the  designer 
should  determine  which  metal  will  be  sacrificed  and  adjust 
the  design  to  minimize  the  effects  of  corrosion.  Tests  are 
generally  necessary  to  complete  the  study  of  the  design* 

Stress -corrosion  cracking  occurs  when  more  or  less  continuous 
zones  exist  within  the  structure  of  the  metal  or  alloy  which 
-are  more  susceptible  to  corrosion  than  the  rest  of  the  metal. 
Usually  the  attack  In  these  zones  occurs  because  they  are 
anodic  to  the  rest  of  the  metal.  Elcatroohemical  corrosion 
of  the  anodic  material  creates  fissures  in  the  metal.  If  high 
tensile  stresses  are  present,  the  fissures  increase  the  magni¬ 
tude  of  local  stresses  which  tend  to  further  open  the  fissures, 
exposing  new  anodic  material  to  sustain  the  process. 
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Stress -corrosion  cracking  (season  cracking)  ot  brass-'s 
and  some  other  copper  alloys  occurs  when  metals  are  stressed 
by  cold  working  or  by  loads  externally  applied  In  sei’vlce. 

The  primary  factors  of  stress  and  coiToslon  are  influenced 
by  the  temperatui'e,  time  and  the  presence  of  ammonia,  carbc-i 
dioxide,  oxygen  and  moisture.  The  stress-corrosion  cracking 
of  brasses  may  be  overcome  by  the  use  of  alloys  which  ha”e 
a  high  resietance  to  this  type  of  failure.  Also,  the  tendency 
toward  stress  corrosion  cracking  of  brasses  may  be  reduced  bj 
heat  treatment  to  relieve  thermal  stresses  resulting  fz°om  cold 
working.  Plating,  painting,  coating,  or  controlling  the 
atmosphere  to  which  brasses  are  exposed  tends  to  reduce  stress- 
corrosion  cracking. 

Extensive  discussions  on  corrosion  and  chemical  reactions 
of  metals  are  available  in  such  books  as  references  (a),  (b^, 
and  (c). 

Packaging 

•  « 

Packaging  a  fuze  In  a  vapdr-tlght  container  will  protect 
the  fuze  during  storage,  but  tfcc  fuze  must  withstand  the 
environment  after  assembiy  to  a  weapon.  Therefore,  the 
exposed  surfaces  after  assembly  .must  be  designed  for  exposure 
to  the  natural  environments. 

environmental  CRITERU  and  TESTS 

Environmental  engineers,  scientists,  technicians,  and 
other  interested  people  have  created  many  laboratory  and 
field  tests  for  evaluating  devises  with  respect  to  humidity 
and  humidity -related  environments.  Most  tests  have  been 
created  for  specific  applications,  and  usually  the  time 
factor,  temperature,  or  othei’  parameters  have  been  ('i.storted 
to  obtain  data  quickly.  One  must  he  very  selective  in  his 
application  of  tests  and  even  mere  judicious  In  the  use  of 
data  derived  from  the  tests.  Prior  to  the  selection  or 
creation  of  a  test,  a  review  of  the  environmental  criteria 
is  useful  since  these  data  are  basic  to  the  evaluation. 

The  climatic  limits  to  be  expected  may  be  obtained  from  many 
documents  such  as  the  following  wJAOh  are  also  shown  as 
references  (d)  through  (h). 

MIL-STD-210  Cllmatlo  Extremes  for  Military  Equipment. 

MIL-STD-446  Envlroramntal  Requirements  for  Electronic 

Component  Parts. 

Handbook  of  Oeophyalcs.  Air  Research  and  Pcvelopment 

Command,  United  States  Air  Fcrcn.  MacMillan  Qo,,  New 

York.  Revised  Edition  I96G. 


AR  705-15  Research  and  Development  of  Materiel. 
Department  of  the  Army. 

NavOrd  OS  6341  Miscellaneous  general  Ordnance  Design 
Requlremento . 

After  establishing  the  environmental  criteria  for  the 
Item  under  ccnslderati.on;  teats  may  be  selected  or  created 
which  may  accelerate  the  humidity  effects.  A  few  tests 
which  have  been  used  with  various  degrees  of  success  are 
listed  below  and  also  listed  as  references  (e)  and  (l) 
through  (11) . 

MIL-STD-446  Environmental  Requirements  for  Electronic 
Conqponent  parts.  (Same  as  the  second  one  above) 

NIL-STD~108  Definitions  of  and  Basic  Requirements  for 
Enclosures  for  Electric  and  Electronic  Equipment. 

MIL“STD-202  Test  Methods  for  Electronic  and  Electrical 
Component  Parte. 

MJL-STD-304  and  354  Teuqjerature  and  Humidity  Test. 

M.IL-STD-305  and  355  Vacuum-Steam-Pressure  Test . 

Mj:l-E-5272  Environmental  Testing,  Aeronautical  and 
Associated  Equipment,  General  Specification  for. 

KIL-STD-810  Environmental  Test  Methods  for  Aerospace 
and  Ground  Equipment, 

A  natural  exposure  is  the  best  test  if  time  permits. 

Many  Government  and  privately  owned  test  sites  are  estab- 
ilshsd  for  exposure  of  materials  and  devices  to  a  ly  desired 
cllnk-te  ’uider  the  control  and  observation  of  competent, 
experienced,  environmental  engineers.  Data,  thus  obtained, 
can  be  analyzed  to  determine  the  effectiveness  of  the 
materials  and  configuration  to  withstand  humidity  extremes. 

INSTRUMENTS 

i  "-r  device  .for  measuring  the  aaount  of  water  vapor  In 
the  atmosphere  13  a  hygrometer  but  man;  users  prefer  to 
separate  the  instruments  into  the  cate.orles  of  hygrometers 
and  pay chrometers .  There  are  many  sat'afactoiy  Instruments 
available  for  the  measurement  and  control  of  humidity,  and  an 
extv^nslve  tabulation  of  Instruments  is  given  on  pages  20-14  to 
2O-16  of  reference  (f).  Detailed  discussions  of  instruments 
are  available  in  many  sources  such  as  reference  (0).  Only  the 
principles  of  operation  by  clssbew  of  Instimments  are  dis¬ 
cussed  below. 


ysychrometers  -  The  proceas  of  evaporation  of  water 
absorbs  heat  from  the  surrounding  atmosphere  and  other 
objects.  This  principle  is  used  to  obtain  a  "wet-bulb" 
temperature  reading  for  calculation  of  the  humidity.  The 
depression  of  the  temperature  varies  directly  with  the 
rate  of  evaporation  and  the  rats  is  Inversely  proportional 
to  the  amount  of  water  vapor  in  the  atmosphere.  Generally 
the  bulb  of  a  thermometer  or  the  active  element  of  a 
temperature  sensing  device  is  covered  with  a  wick  which  Is 
wetted  by  a  reservoir  of  water.  The  thermometer  is  so 
located  that  a  stream  of  air  passes  over  the  bulb  at  a  rate 
of  at  least  15  feet  per  second.  The  temperature  of  the  wet 
bulb  thermometer  and  the  dry  bulb  temperature  of  the  air  are 
used  to  determine  the  relative  humidity.  Psychromstrio 
charts  and  tables  are  a  convenient  means  for  converting  the 
temperatures  to  relative  humidity. 

Organic  Hygrometers  -  Many  organic  materials  change  in 
physical  dlmenalons  In  relationship  to  the  water  vapor  In 
the  surrounding  atmosphere.  Those  materials  such  as  human 
hair,  wood,  paper,  silk,  animal  hair  and  animal  membranes 
which  consistently  expand  and  contract  with  the  change  in 
"ater  vapor  of  the  atmosphere  are  used  as  the  active  material 
In  hygrometers.  These  materials  require  frequent  calibration 
but  the  convenience  of  unattended  operation  is  often  desirable 
The  Indicators  are  simple  and  Inexpensive  and  can  easily 
provide  direct  reading  in  terms  of  humidity. 

Dew-Point  Hygrometers  -  The  temperature  at  which  water 
vapor  in  the  atmosphere  condenses  on  a  clean  non-hygrosooplc 
surface  is  usually  considered  as  the  dew  point  temperature. 

Dew  point  Instruments  contain  a  mirror -surfaced  metal  to 
which  a  thermocouple  is  welded.  The  mirror  Is  cooled  from 
the  lack  by  expanding  a  fluid  such  as  freon  or  carbon  dioxide. 
A  sample  of  tnc  atmosphere  to  be  mcasui'ed  is  passed  r  ver 
the  mirror  while  the  temperature  of  the  mirror  Is  lowered 
until  condensation  occurs.  By  using  psychrometrlc  charts  and 
tables  or  by  making  calculations,  the  relative  humidity  may 
be  determined.  This  principle  la  useful  in  measurement  of 
hign  temperature  gases  such  as  flue  gases  or  chendcal 
process  gases.  Photoelectric  cells  are  sometimes  used  to 
detect  the  condensation  on  the  mirror. 

Electrolytic  Hygrometers  -  The  moisture  content  and  the 
electrical  resistance  of  many  salts  vary  with  the  water  vapor 
content  of  the  atmosphere  to  which  the  salt  Is  exposed.  At 
least  two  types  of  Instruments  have  been  developed  which  are 
described  below. 

The  Duninore  hygrometer  consists  of  two  parallel  fine 
wires  wound  on  a  non-conduct ive  tube.  The  assembly  is  coated 
with  an  electrolytic  film  usually  containing  lithium  chloride 
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which  forms  an  electrical  resistance  between  the  two  wires. 

The  resistance  of  the  salt  varies  with  the  ambient  moisture 
and  presents  a  measurable  value  which  can  be  calibrated  In 
terms  of  relative  humidity.  The  instiniment  was  first 
developed  for  radio-sondes,  but  Its  use  has  been  extended 
to  many  applications. 

The  Weaver  hygrometer  consists  of  two  electrodes 
connected  by  a  gelatinous,  hygroscopic,  electrolytic  film. 

The  assembly  is  generally  made  in  a  threaded  plug  for  use 
in  measuring  the  humidity  in  closed  vessels.  The  electrical 
resistance  is  measured  with  the  active  element  exposed  to  the 
unknown  gas.  The  active  element,  usually  by  a  manifold  and 
valve  system,  is  transferred  to  a  known  gas  mixture.  The 
pressure  of  the  known  gas  is  varied  until  the  equivalent 
electrical  resistance  is  obtained.  By  calculations  the 
relative  humidity  or  vapor  content  of  the  unknown  gas  can 
be  determined. 

Chemical  Hygrometry  -  The  humidity  of  an  atmosphere  can 
be  measured  by  extracting  and  weighing  the  water  vapor  from 
a  known  sample.  Desiccants  such  as  sulphuric  acid,  phosphorous 
pentoxide,  calcium  chloride,  lithium  chloride  and  silica  gel 
may  be  used  according  to  the  accuracy  of  measurement  desired. 
Another  similar  method  is  to  freeze  the  moisture  out  of  a 
stream  of  atmosphere  using  dry  ice  and  weighing  the  resultjng 
ice. 

SUMMARI 

Many  test  reports  have  been  written  on  the  effects  of 
humidity  on  military  equipment.  Many  field  reports  of 
degradation  of  material  by  humidity  have  emphasized  the 
tremendous  losses  from  this  factor  alone.  Several  books, 
such  as  references  (b)  and  (p)  and  hundreds  of  renorts 
abstracted  in  references  (q)  and  (r)  treat  the  s’  oject  from 
many  points  of  view.  No  one  has  yet  been  able  to  prescribe 
a  simple  or  direct  sot  of  rules  to  avoid  adverse  or 
deteriorating  effects  of  humidity, but  none  the  less,  inatten¬ 
tion  to  the  subject  may  cause  major  problems.  The  reports 
show  that  the  action  to  prevent  moisture  deterioration  of  a 
fuze  must  be  taken  in  the  design  phase  since  protection 
cannot  be  provided  in  storage  and  in  the  ^ield.  It  is  indeed 
encouraging  to  obtain  surveillance  reports  on  many  items 
after  several  years  of  storage  stating  "excellent  condition." 
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